The M-channel maximally decimated lter bank is considered, where, except in the ideal case of perfect reconstruction, aliasing distortion, magnitude distortion, and phase distortion are present. It is shown how these can be controlled if the lter bank is designed by the method of 1] that optimizes the gain of an error system.
Introduction
This technical note considers the M-channel maximally decimated lter bank of Figure 1 . As discussed in 5], perfect reconstruction (PR)|wherex(k) = cx(k ? m) for some positive scalar c and some non-negative time delay m|can be achieved by suitable simultaneous design of the analysis and synthesis lters; for example, by making the polyphase matrices paraunitary. However, achieving PR alone will not necessarily result in good coding of the input. An alternative two-step procedure is developed in 1]: rst design the analysis lters F 0 (z); : : :; F M?1 (z) for good coding of the input signal; then design the synthesis lters G 0 (z); : : :; G M?1 (z) to achieve as close to perfect reconstruction as possible. In fact the reconstruction error can be made as small as desired by allowing a larger time delay. Nevertheless, with nonzero reconstruction error, the lter bank will be subject to aliasing, magnitude, and phase distortions. The purpose of this note is to show that distortions can be controlled by this design procedure.
Distortions
This section reviews distortions present in the lter bank of Figure 1 and introduces some distortion indices.
If perfect reconstruction were achieved, the input-output system from x(k) tox(k) would be time-invariant with transfer function (TF) T d (z) = cz ?m . Distortions are therefore present if the input-output system is not time-invariant or if the TF is not T d (z). As discussed in 5, pages 224{225] the expression for the reconstructed signalX(z) in terms of X(z) (ignoring coding and quantization errors) iŝ
where W := e ?j2 =M ; equivalently,
where
It is more convenient to write this in terms of frequency f:
Since the ideal output of the lter bank is T d (f)X(f), the expression for the error signal is
The reconstructed signalX(f) therefore su ers from these forms of distortion:
Aliasing Finally, we introduce the notion of maximum aliasing distortion: AD max := max f AD(f). Similarly for MD max , PD max , and D max .
Controlling Distortion
This section shows that distortions can be controlled by designing the lters by the method of 1].
We begin with a brief review of the method. Consider a signal x(k). Two natural measures of the size of x(k) are Its`2 norm:
Thus, kxk 2 2 is the energy of x(k). Note that for kxk 2 to be nite, x(k) must converge to 0 as k tends to 1 and to ?1. The second result gives some consequences in terms of the other distortion indices. They follow immediately from Theorem 1 and Lemma 1. Note again that by taking all the synthesis lters to be zero we achieve J = c, so it is natural to assume below that J < c. The corresponding synthesis lters are IIR of order 77, which is very large; more on this point later. The Bode plots are shown in Figure 3 . 
Appendix: Proofs
Proof of Lemma 1 Equation (2) is from the general inequality for complex numbers jjz 1 j ? jz 2 jj jz 1 ? z 2 j:
1 This is undoubtedly due to the symmetry of the two analysis lters. So far, a proof of this stronger result has eluded us. 
